Objectives: To identify and characterise dietary patterns in a middle-aged Irish population sample and study associations between these patterns, sociodemographic and anthropometric variables and major risk factors for cardiovascular disease. Design: A cross-sectional study. Subjects and methods: A group of 1473 men and women were sampled from 17 general practice lists in the South of Ireland. A total of 1018 attended for screening, with a response rate of 69%. Participants completed a detailed health and lifestyle questionnaire and provided a fasting blood sample for glucose, lipids and homocysteine. Dietary intake was assessed using a standard food-frequency questionnaire adapted for use in the Irish population. The food-frequency questionnaire was a modification of that used in the UK arm of the European Prospective Investigation into Cancer study, which was based on that used in the US Nurses' Health Study. Dietary patterns were assessed primarily by K-means cluster analysis, following initial principal components analysis to identify the seeds. Results: Three dietary patterns were identified. These clusters corresponded to a traditional Irish diet, a prudent diet and a diet characterised by high consumption of alcoholic drinks and convenience foods. Cluster 1 (Traditional Diet) had the highest intakes of saturated fat (SFA), monounsaturated fat (MUFA) and percentage of total energy from fat, and the lowest polyunsaturated fat (PUFA) intake and ratio of polyunsaturated to saturated fat (P:S). Cluster 2 (Prudent Diet) was characterised by significantly higher intakes of fibre, PUFA, P:S ratio and antioxidant vitamins (vitamins C and E), and lower intakes of total fat, MUFA, SFA and cholesterol. Cluster 3 (Alcohol & Convenience Foods) had the highest intakes of alcohol, protein, cholesterol, vitamin B 12 , vitamin B 6 , folate, iron, phosphorus, selenium and zinc, and the lowest intakes of PUFA, vitamin A and antioxidant vitamins (vitamins C and E). There were significant differences between clusters in gender distribution, smoking status, physical activity, body mass index, waist circumference and serum homocysteine concentrations.
Diet is an important risk factor for chronic diseases. The conventional approach in nutrition epidemiology has focused on the relationship between specific food items and nutrients and chronic disease. However, as foods and nutrients are consumed in combination, their joint effects may be investigated by looking at dietary patterns. Furthermore, work on diet-disease relationships based on dietary patterns is of particular value in addressing issues of collinearity of nutrient intake, nutrient interactions and confounding in epidemiological studies 1 . Thus, in recent years there has been increasing interest in the identification of dietary patterns as consumed by populations 2, 3 . Knowledge of specific food patterns is also important for relating diet to nutritional status and for the identification of groups at risk of under-or overconsumption of specific nutrients 4 . Understanding the patterns of core staples around which diets are formed is important for meal planning and nutritional counselling.
A number of different approaches to uncovering patterns of food intake have been developed, based on either an a priori or an a posteriori approach 1 . The dietary indexes approach is a priori because the pattern scores are created on the basis of current knowledge of a 'healthy diet', whereas quantitative approaches are considered a posteriori because the dietary patterns are derived through statistical modelling of the data 1 . Quantitative approaches include principal components analysis 5 -7 , factor analysis 3,8 -10 and cluster analysis 4,11 -17 . Cluster analysis offers advantages over the alternative quantitative approaches as it aims to identify distinct, relatively homogeneous groups based upon selected attributes (the dietary variables) 1 . The aim of the present study was to identify dietary patterns within a general population sample of middleaged Irish men and women. We also report on associations between dietary patterns, sociodemographic and anthropometric variables, major risk factors for cardiovascular disease (CVD), prevalent CVD and glucose intolerance.
Methods
Design, subjects and methods of data collection We performed a cross-sectional study based in primary care: The Cork and Kerry Diabetes and Heart Disease Study 18 . The overall aim of the study was to formally estimate, using standardised methods, the prevalence of glucose intolerance, including type 2 diabetes and associated heart disease risk factors, in an Irish general population sample. A detailed self-completed questionnaire data, physical measurements and fasting blood samples were obtained from a group of 1018 men and women, randomly sampled from 17 general practices in Cork and Kerry between March and August 1998. Details of the sampling methods have been reported elsewhere 18 . Subjects with CVD, known diabetes mellitus or other disease, or those receiving medication, were included where identified by the sampling process. A total of 1473 potential participants were identified as eligible for inclusion, of whom 1018 attended for the assessment, a response rate of 69.1%. Allowing for those who could not attend by reason of being hospitalised (n ¼ 5), out of the country (n ¼ 5), no longer alive (n ¼ 2), outside the target age group (n ¼ 2), too confused (n ¼ 1) and untraceable (n ¼ 2), the effective response was 69.9%. Details of the questionnaire including questions on smoking and physical activity and details of physical measurements, including measurement of body mass index (BMI), waist/hip ratio (WHR), fasting blood samples, blood pressure and electrocardiography, have been reported previously 18 . 19, 20 . We defined hypertension as participants with raised blood pressure (systolic blood pressure .140 mmHg and/or diastolic blood pressure . 90 mmHg) and/or self reported use of hypertensive drugs. Details of the definition of pre-existing CVD have been reported 18 . Glucose intolerance was defined as those participants with type 2 diabetes or impaired fasting glucose, according to the current American Diabetes Association and WHO criteria 19, 21 . Participants' risk of a first coronary heart disease (CHD) event was estimated using the Framingham risk equation, which incorporates and allows for the relative impact of age, sex, smoking status, systolic blood pressure, diabetes mellitus, ratio of total cholesterol to high-density lipoprotein (HDL)-cholesterol and left ventricular hypertrophy by electrocardiographic criteria 18, 22 . We defined 'high CHD risk' on the basis of an estimated absolute risk of first CHD event .20% over 10 years.
Socio-economic status
Participants were classified by socio-economic categories, based on the standard occupational classification system of the Irish Central Statistics Office combined with educational attainment. When a participant defined herself as a housewife, the occupation of their partner was used for classification. We defined five socioeconomic categories as follows: Category I (higher and lower professionals, employers/managers and own account workers with third level of education, n ¼ 161); Category II (employers, managers or own account workers without third-level education, n ¼ 64); Category III (farmers, n ¼ 138); Category IV (non-manual workers, skilled and semi-skilled manual workers, n ¼ 371); and Category V (agricultural workers and non-skilled manual workers, n ¼ 255). Information for socio-economic status (SES) coding was not available for 29 participants.
Dietary data
Dietary data were collected by means of a food-frequency questionnaire (FFQ). The FFQ was an adapted version of that used in the UK arm of the European Prospective Investigation into Cancer study 23 . The latter was based on the original Willett FFQ. The questionnaire was modified by the National Nutritional Surveillance Unit, based in the Department of Health Promotion at University College Galway, to reflect the Irish diet 24, 25 . The FFQ had 147 items. The FFQ was validated in an adult population using food diaries and urinary protein with p-aminobenzoic acid 26 . A Spearman's correlation of 0.40 was observed between protein estimates using the FFQ and the food diary, and 0.31 with the biomarker method. The relative validation of the FFQ and food diary estimates for total fat intake was 0.42 and 0.49 for saturated fats. Additional details of this FFQ have been given previously 25 . This questionnaire has been used in the Irish National Health and Lifestyle Survey 24 . Out of the 1018 participants, 937 completed the FFQ. We excluded from this study participants with implausible scores for total energy intake (, 500 or . 3500 kcal day 21 in women and , 800 or . 4200 kcal day 21 in men) 27 , leaving 851 participants with dietary data for these analyses. The National Nutritional Surveillance Unit estimated the nutritional components from the food items in the FFQ using a computer program based on McCance and Widdowson's tables of composition of foods 28 . Items of the FFQ expressed in terms of the proportion of total mass of food consumed (g day 21 or ml day 21 in the case of alcoholic drinks or beverages) were aggregated into 22 mutually exclusive food groups similar to those used by Pryer et al.
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, which were based on the 51 food/drinks groups defined by Gregory et al. 29 (see Appendix). We excluded participants who did not fast for more than 8 h or did not provide information on their fasting status (n ¼ 101). Following exclusions, the number of participants with valid data for glucose and homocysteine was 915 and 900, respectively. Data on triglycerides were available for 913 participants, and data on total cholesterol, HDL-cholesterol, low-density lipoprotein (LDL)-cholesterol and very-low-density lipoprotein (VLDL)-cholesterol were available for 900 participants. We defined high homocysteine levels as those at or above the 95th percentile of the distribution.
Fasting blood samples

Statistical analysis
We used cluster analysis to identify dietary patterns and to segregate subjects based on the similarity of diet. Continuous food groups were standardised by converting to the standard normal deviate to ensure that clusters were not influenced by food groups with a high specific gravity, such as beverages. We chose food variables because we wanted to identify food patterns clusters. K-means cluster analysis was used to define clusters of subjects using the cluster analysis option in the MINITAB w software package, version 13 (Minitab Inc., State College, PA, USA).
This procedure attempts to identify relatively homogeneous groups of cases based on selected characteristics, using an algorithm that can handle large numbers of cases. In K-means cluster analysis, the homogeneity of cases within a cluster is measured by the total within-cluster sum of squares. Cluster memberships are determined by sequentially moving cases from one cluster to another so that the total within-cluster sum of squares is minimised.
The algorithm requires the number of clusters to be specified prior to analysis. It is possible to identify seeds using information derived from previous research. However, this approach is open to bias. Thus we adopted an a posteriori approach, using principal components analysis with the food groups to identify the seeds. From the initial exploratory analysis we judged that there were three clusters in these data. We initially chose the first, second and third components, but this did not produce three distinctive clusters. We therefore decided to base our seeds on the first, the second and one other component. We added consecutive components and found that the addition of component 14 yielded three distinct clusters with most variables showing significant between-cluster variation. The clusters are stable if a random subset of participants is used in the cluster. On average, 85.4% of the observations are correctly classified by subset analysis.
Three clusters were identified. Differences in food group consumption were investigated using non-parametric analysis of variance: the Kruskal -Wallis test. Differences in nutrient and daily energy intakes by cluster were assessed using analysis of variance. Nutrient variables that were not normally distributed were log-transformed. As ethanol intakes could not be transformed to a normal distribution, we used the Kruskal -Wallis test to compare intakes across clusters. As two of the three clusters accounted for 96% of study participants, all comparisons between clusters were repeated in analyses confined to the two major clusters.
We investigated differences in sociodemographic characteristics, lifestyle exposures and disease prevalence by cluster using the chi-square test. Age-and sex-adjusted means of BMI, WC, WHR, glucose, blood lipids, blood pressure measurements and homocysteine were calculated for each cluster and compared using analysis of covariance.
Results
We identified three distinct groups in this population on cluster analyses. A total of 480 participants (56.5%) were in cluster 1, 340 (38%) in cluster 2 and 31 (3.6%) in cluster 3. Median consumption (g day 21 or ml day 21 ) of food groups in each cluster are shown in Table 1 . KruskalWallis tests revealed that only egg and egg products and miscellaneous foods were consumed at similar levels across the three clusters (data not shown). Cluster 1 had the highest median intakes of beverages (non-alcoholic drinks), white bread and refined cereals, butter, whole milk and dairy products, desserts and sweets, and the lowest median intakes of fish and alcohol. We describe Cluster 1 as a 'Traditional Diet' pattern. Cluster 2 had the highest median intakes of pasta and rice, brown breads and unrefined cereals, poultry, fish, low-fat milk and dairy products, salad dressings, fruit and vegetables, and the lowest median intakes of chips, white bread and refined cereals, butter, high-fat dairy, meat, meat products and sweets. We use the term 'Prudent Diet' to describe this cluster. Cluster 3 had the highest median intakes of alcoholic drinks, meat, meat products and chips, and the lowest median intakes of desserts, fruits, vegetables, brown bread and unrefined cereals, and drinks. We use the term 'Alcohol & Convenience Foods' pattern to describe this dietary cluster.
Relative to the Prudent Diet cluster, participants in the Traditional Diet and the Alcohol & Convenience Foods clusters had lower intakes of more 'healthy' food groups (such as fruit, vegetables, low-fat dairy products, poultry, fish and whole-grain products) and higher intakes of foods richer in total fat and saturated fatty acids (SFA) (such as high-fat dairy products, butter, meat and meat products). The Prudent Diet cluster was characterised by relatively high intakes of food groups that are recommended in health promotion programmes and lower intakes of meat (red meat), meat products, sweets, high-fat dairy and white bread (white bread and refined cereals). Table 2 shows the mean intakes of nutrients by cluster. Nutrient intakes varied significantly across the clusters with the exception of proteins, carbohydrates, starch and total sugars. The Prudent Diet cluster was characterised by significantly higher intakes of fibre, polyunsaturated fatty acids (PUFA), ratio of polyunsaturated to saturated fat (P:S) and antioxidant vitamins (vitamins C and E), and the lowest intakes of cholesterol, total fat, monounsaturated fatty acids (MUFA) and SFA. The Traditional Diet cluster had the highest intakes of total fat, MUFA, SFA and retinol, and the lowest P:S ratio and protein, vitamin B 6 , folate and vitamin D intakes. The Alcohol & Convenience Foods group had the highest intakes of energy, cholesterol, ethanol, protein, vitamin B 12 , vitamin B 6 and folate, and the lowest intakes of PUFA, retinol and antioxidant vitamins (vitamins C and E).
In further analyses we compared the means of nutrient and energy intake in the two major clusters. Significant differences were observed for all of the major nutrients with the exception of carbohydrates and thiamin. Overall, the Prudent Diet was associated with lower intakes of nutrients linked with increased risk of chronic disease and higher intakes of nutrients regarded as offering protection against chronic disease. Table 3 shows the sociodemographic characteristics of participants by dietary cluster. Almost two-thirds of subjects in the Prudent Diet cluster were women, whereas virtually all members of the smaller Alcohol & Convenience Foods cluster were men. In the latter cluster, a high proportion of participants were single and living alone. There was evidence of social class variation across the clusters, with a lower proportion of participants in the Traditional Diet cluster in SES groups I and II. No other significant differences in sociodemographic characteristics by cluster were observed.
Smoking status varied significantly by dietary pattern, with fewer current smokers in the Prudent Diet cluster than in either the Traditional Diet or the Alcohol & Convenience Foods cluster (Table 4 ). There was also significant variation in levels of physical activity by cluster, with lowest levels in the Traditional Diet and highest levels in the Alcohol & Convenience Foods cluster (Table 4) .
No significant differences in the prevalence of glucose intolerance or in the CVD risk factor profile were observed by cluster, apart from evidence of greater obesity in the Alcohol & Convenience Foods cluster (Table 5) . A higher proportion of participants in the Traditional Diet group were at high CHD risk (15.7%) as compared with the Prudent Diet group (11.2%); a finding of borderline significance (P ¼ 0.06). Table 6 shows differences in means, adjusted for age and sex, of continuous CVD risk factors by dietary cluster. Participants in the Traditional Diet cluster had the lowest BMI and WC, but the highest concentrations of serum homocysteine. BMI, WC, VLDL-cholesterol and triglyceride levels were highest in the Alcohol & Convenience Foods cluster. The findings from analyses comparing the two major clusters were broadly similar, although the differences in VLDL-cholesterol levels were no longer significant.
Discussion
In this cross-sectional study of middle-aged men and women we identified three dietary patterns by cluster analysis based on food groups: traditional and prudent diet patterns and a smaller group with high intakes of alcohol and convenience foods. These dietary patterns were associated with distinct nutrient intake profiles of potential biological significance. In particular, participants in the Prudent Diet group had a favourable nutrient profile relative to the Traditional Diet group, with higher intakes of polyunsaturated fat, antioxidant vitamins and fibre and, VLDL-cholesterolower intakes of saturated fat. There were also significant differences in the gender, socio-economic status and behaviour profiles of participants in the three dietary groups. Participants in the Prudent Diet group were predominantly female, drawn from higher socioeconomic groups with relatively high levels of physical activity and a low prevalence of smoking. Virtually all participants in the Alcohol & Convenience Foods group were male, of whom a high proportion were living alone. Other studies have reported similar findings 4, 7, 8, 30 . Using K-means cluster analysis, Tucker et al. 4 defined four clusters in a study of elderly participants in Boston: (1) alcohol, (2) milk, cereals and fruit, (3) bread and poultry and (4) meat and potatoes. In contrast to the current study, they defined intake as the proportion of total energy contributed by each of the food groups. However, in common with this study, they identified a dietary pattern characterised by high alcohol consumption. In a UK population study of 1087 men and 1110 women aged 16 -64 years, four different dietary patterns were identified using hierarchical cluster analysis. As in the current study, differences in nutrient, social and behavioural profiles among clusters were observed 17 . There is now consistent evidence that dietary patterns are related to other behaviours such as smoking and physical activity 4, 7, 8, 30 . Thus, our data adds to the evidence that risk factors for chronic disease cluster within individuals.
Williams et al. found that a healthy dietary pattern (identified by principal components analysis) was associated with a more favourable CVD risk factor profile in the Isle of Ely study 7 . By contrast, we did not find that the prudent diet pattern was associated with a more favourable cardiovascular risk factor profile in the current study. Surprisingly, participants in the Prudent Diet group had a higher BMI, WC and higher triglyceride levels than those in the Traditional Diet group. Clearly the findings from cross-sectional associations between dietary patterns and CVD risk factors must be interpreted cautiously given the possibility of reverse causation. It should also be noted that the current study is based on a sample of middle-aged men and women aged 50 -69 years (with a relatively homogeneous diet), as opposed to adults aged 40 -65 years in the Isle of Ely study 7 . Both the Prudent Diet and the Alcohol & Convenience Foods groups had lower homocysteine levels than the Traditional Diet group. This is biologically plausible given the relatively high intakes of folate, vitamin B 6 and vitamin B 12 (inversely related to homocysteine levels) in these groups. Similar findings have emerged from the Male Professionals Health Study 8 . In conclusion, we have identified two major dietary patterns: prudent and traditional, and a smaller group with high intakes of alcohol and convenience foods in a general population sample of middle-aged men and women. The patterns identified segregate individuals within the population into groups with significant differences in intake of nutrients that are related to major chronic diseases and differences in behavioural risk factor profiles. Consideration of the multidimensional aspects of diet and other related behaviours such as smoking and physical activity will facilitate work on the aetiology of chronic disease and the development of multidisciplinary behaviour change strategies.
